Various criteria have been proposed for the diagnosis of left atrial rhythm (LAR) in previous experimental and electrocardiographic studies. Differentiation from A-V junctional rhythms remains ill-defined. In order to assess the left atrial (LA) P wave and to define LAR, the P wave and loop were studied by direct LA pacing in 11 patients undergoing diagnostic transseptal left heart catheterization. Experimental LAR produced changes in P-wave configuration and polarity. These changes were most obvious in lead VI and indicated reversal of the sequence and direction of activation with left atrial preceding right atrial depolarization. A typical "dome and dart" P wave occurred in two studies. P-wave configuration in leads I and V6 was highly variable; frequent orientation of the LA P vector within the transitional zone of the horizontal electrical axis was thought to be responsible. The LA P loop showed reversal of the direction of inscription of the initial forces, indicating a change in the pattern of atrial depolarization. Stimulation of the appendage produced left-to-right spread of atrial depolarization, whereas activation of the main body was directed primarily anteriorly.
atrial pacemaker origin in thoracotomized dogs. In eight of nine experiments in which the left atrial appendage or the region of the "inlet of the pulmonary veins" was electrically stimulated, the ectopic atrial complex in lead II began with a negative phase. In later studies on dogs, electrical,2 or chemical3 stimulation of the left atrium produced an ectopic P wave that was usually inverted in lead I and positive in leads II and III. In man, the configuration of the surface P wave has been altered by mechanical stimulation of the left atrium during cardiac catheterization4 and thoracotomy. 5 Somlyo and Grayzel4 found that 0HARRIS ET AL.
usually negative, occasionally diphasic, and rarely iso-electric after left atrial stimulation. Prinzmetal and associates5 reported that stimulation of the appendage generally produced a positive P wave in leads I, II, III, and aVF, whereas ectopic foci in the caudal portion of the left atrium usually created an iso-electric P wave in lead I and a negative P wave in leads II, III, and aVF. In a recent study in humans, electrical stimulation of the left atrium produced highly variable changes in the configuration of the P wave, and no specific diagnostic criteria could be established. 6 Several clinical reports have attributed ectopic rhythms showing inverted P waves in lead I to a left atrial pacemaker. 4 cribed to the A-V junctional arrhythmias. Experimental clarification is needed.
The present study employed electrical pacing of the left atrium. It was undertaken in an effort to assess the P-wave abnormalities occurring in left atrial rhythm, and to define further the electrocardiographic criteria for its diagnosis. During pacing from the right superior pulmonary veno-atrial junction, the P wave remained positive in leads I and V6P contrary to common opinion regarding left atrial rhythm. Note The control P loops (upper panel) suggested combined atrial enlargement; in the horizontal loop shown, the iso-electric point momentarily shifted posteriorly. During pacing the entire loop became directed anteriorly, and the direction of inscription (arrows) of the initial forces reversed to clockwise and counterclockwise, respectively, in the horizontal and sagittal planes.
Methods
rence of an iso-electric P wave in lead Vi (1200) during pacing (table 2) .
Central Posterosuperior Left Atrium "Dome and dart" P waves were observed in the one subject (D. A.) paced from this location ( fig. 4) Figure 7 The P loops shown are from the same subject as in figure 6 . (Table 3) During pacing the P-R interval varied between 0.14 and 0.26 sec, and in nine of 10 studies, increased 0.02 to 0.09 sec from control values (mean = 0.05; P < 0.005). The duration of the P wave ranged from 0.11 to 0.19 sec, and in eight of 10 subjects had increased 0.02 to 0.07 sec (mean =0.03; P <0.005); in most subjects, this increase accounted for most of the augmentation in the P-R interval increase. Atrial pacing prolongs atrioventricular conduction time as the paced heart rate is increased.18 This mechanism may have played a role in the prolongation of the P-R interval in cases 1, 4, 6, and 7; P-R interval increases of similar magnitude, however, were observed with minimal increases in the paced heart rate (cases 2, 5, 8, and 10).
Discussion
In clinical electrocardiography the diagnosis of left atrial rhythm is rare. This may be partly due to the limited capacity of the left atrium to serve as a pacemaker of the heart.'9' 20 The full pacemaker potentiality of I  II  III AVF this study, foci originating posteriorly in the extreme right portion of the left atrium can produce an activation front that moves from right to left and results in upright P waves in leads I and V6. This concept of the spatial orientation of the left atrial P wave assumes that the atrial impulse propagates concentrically through the myocardium, in spite of increasing evidence to the contrary.22 [24] [25] [26] [27] In the study, correlation of the mean spatial P vector with the location of the left atrial pacing site demonstrated certain trends. Stimulation of the appendage consistently produced a left-to-right direction of atrial depolarization. When the main body of the left atrium was stimulated, the direction of activation was primarily anterior. As the right side of the posterior wall of the left atrium was approached, particularly the upper segment, there xvas a tendency for the anterior depolarization wave to be directed from right to left. When the postero-inferior area was activated, the anterior P vector became directed superiorly. This latter pattern of left atrial rhythm resembles coronary sinus rhythm in the frontal plane; however, we find it to be more anteriorly directed than coronary sinus rhythm and may, as a result, be differentiated from it.
Although some investigators6' 28 
